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THRUST CONTROL VALVE 

BACKGROUND OF THE INVENTION 
Technical Field 

5 The present invention relates to a constitution of 

a thrust control valve for controlling the thrust 
(propulsion) of a secondary propulsion engine, such as a 
thruster for controlling the orbit and attitude of a 
flying object, and the speed of the flying object. 

10 Description of the Related Art 

The attitude of a flying object that flies at high 
altitudes in the atmosphere cannot satisfactorily be 
controlled and the orbital control (diversion) of the 
same cannot satisfactorily achieved only by a control 

15 effort generated by a control wing. Therefore, the 
flying object is provided with a thruster that jets a 
high -pressure propulsion gas supplied from a chamber 
containing a propellant. The thruster is provided with a 
thrust control valve called a propellant valve for 
* 20 . controlling the thrust generated by jetting the 
propulsion gas . 

Figs . 6A and 6B are typical views of a conventional 
pintle thrust control valve 1 in an open state and in a 
closed state, respectively. The pintle thrust control 

25 valve 1 has nozzle 5 and a plug 9. The nozzle 5 has a 
gas supply chamber 2 to which a propulsion gas is 
supplied, a gas jetting chamber 3 the propulsion gas is 
jetted, and a connecting passage 4 defined by a surface 
6 and coaxial ly connecting the gas supply chamber 2 and 

30 the gas jetting chamber 3. The plug 9 is placed for 
axial movement in the gas supply chamber 2 coaxially 
with the gas supply chamber 2, the gas jetting chamber 3 
and the connecting passage 4 . The plug 9 has a taper tip 
having a taper surface 7. A passage 8 is defined by the 

35 surface 6 and the taper surface 7. 

The plug 9 is moved axially by a drive system 
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including a motor . The sectional area of the passage 8 
is varied according to the position of the plug 9 to 
control thrust generated by jetting the propulsion gas. 
The product of the pressure PI of the propulsion gas in 
5 the gas supply chamber 2 , and the pressure-receiving 
area A of the taper surface 7 of the plug 9 is equal to 
a load F that urges the plug 9 axially away from the 
surface 6. The load F increases as the required thrust 
increases, and hence the drive system including the 

10 motor for driving the plug 9 is large (EP-A No. 489712). 

Fig. 7 is a typical sectional view of another 
conventional differential thrust control valve 11. The 
differential thrust control valve 11 has a nozzle 15 and 
a pair of plugs 19a and 19b. The nozzle 15 has a pair of 

15 gas supply chambers 12a and 12b to which a propulsion 
gas is supplied, a pair of gas jetting chambers 13a and 
13b through which the propulsion gas is jetted, and a 
pair of connecting passages 14a and 14b respectively 
defined by surfaces 16a and 16b and coaxially connecting 

20 the gas supply chambers 12a and 12b, and the gas jetting 
chamber 13a and 13b, respectively. The plugs 19a and 19b 
are placed for axial movement in the gas supply chambers 
12a and 12b coaxially with the gas supply chambers 12a 
and 12b, the gas jetting chambers 13a and 13b and the 

25 connecting passages 14a and 14b, respectively. The plugs 
19a and 19b have taper tips respectively having taper 
surfaces 17a and 17b. Passages 18a and 18b are defined 
by the surfaces 16a and 16b and the taper surfaces 17a 
and 17b, respectively. 

30 The pair of plug 19a and 19b of the differential 

thrust control valve 11 are moved axially by a motor to 
change thrusts linearly. Since loads that act on the 
plugs 19a and 19b cancel each other, the torque to be 
produced by the motor is smaller than that to be 

35 produced by the motor of the conventional pintle thrust 
control valve 1 shown in Figs. 6A and 6B. However, 



opposite thrusts are generated even in a state where any- 
thrust is not necessary and hence the flow rate of the 
necessary propulsion gas increases ( JP11-83396A) . 

Figs . 8A and 8B are typical sectional views of" a 
5 conventional floating-poppet thrust control valve 21 in 
an open state and in a closed state, respectively. This 
floating-poppet thrust control valve 21 has a nozzle 25 
provided with a gas supply chamber 22 in which a 
propulsion gas is supplied, a gas jetting chamber 23 

10 through which the propulsion gas is jetted, and a 
connecting passage 24 defined by a surface 26 and 
coaxial ly connecting the gas supply chamber 22 and the 
gas jetting chamber 23. This thrust control valve 21 
also has a plug 29 axially movable in the gas supply 

15 chamber 22, the connecting passage 2 and the gas jetting 
chamber 23 to open and close the connecting passage 24 , 
a poppet 30 fixedly connected to the plug 29 and 
provided with through holes 33, and a solenoid valve 31 
for controlling pressure in a back space 32 behind the 

20 poppet 30. 

In this thrust control valve 21, the gas supply 
chamber 22 communicates with the back space 32 by means 
of the through holes 33 of the poppet 30. The axial 
position of the plug 29 is changed by adjusting the 

25 pressure in the back space by adjusting the opening of 
the solenoid valve 31 . 

This floating-poppet thrust control valve 21 is 
unable to control the generated thrust linearly and 
hence the solenoid valve 31 is controlled by a pulse 

30 width modulation (PWM) drive system. Therefore, a 
control signal for controlling the solenoid valve 31 
acts as noise on a guide signal for guiding the flying 
object. Thus, it is possible that the control signal 
reduces the accuracy of guiding the flying object 

35 (JP2000-283301A) . 
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SUMMARY OF THE INVENTION 
Accordingly, it is an object of the present 
invention to provide a thrust control valve having a 
plug which is capable of reducing load loaded by a 
5 propulsion gas on the plug, of reducing the flow rate of 
the propulsion gas to reduce the consumption of the 
propulsion gas, and of suppressing the generation of 
noise that deteriorates the guiding accuracy of a flying 
object. 

10 A thrust control valve according to the present 

invention includes: a nozzle provided with a gas supply 
chamber in which a propulsion gas is supplied, a gas 
jetting chamber through which the propulsion gas is 
jetted, and a connecting passage coaxially connecting 

15 the gas supply chamber and the gas jetting chamber, the 
nozzle having an upstream inner surface defining the gas 
supply chamber and a downstream inner surface defining 
the gas jetting chamber; and a plug inserted into the 
gas supply chamber, the connecting passage and the gas 

20 jetting chamber so as to be axially movable, the plug 
having an upstream outer surface facing the upstream 
inner surface to define an upstream passage on a side of 
the gas supply chamber together with the upstream inner 
surface, and a downstream outer surface facing the 

25 downstream inner surface to define a downstream passage 
on a side of the gas jetting chamber together with the 
downstream inner surface, the plug being configured to 
be capable of controlling a thrust to be produced by 
jetting the propulsion gas by simultaneously changing 

30 sectional areas of the upstream passage and the 
downstream passage by an axial movement of the plug. 

According to the present invention, the respective 
sectional areas of the upstream passage and the 
downstream passage can be changed by axially moving the 

35 plug, and thereby the flow rate of the propulsion gas 
flowing through the gas supply chamber, the connecting 
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passage and the gas jetting chamber is changed according 
to the sectional areas of the upstream passage and the 
downstream passage to control thrust. 

A first force produced by the pressure of the 
5 propulsion gas in the gas supply chamber applied to the 
upstream outer surface of the plug acts in a direction 
from the side of the gas jetting chamber toward the side 
of the gas supply chamber, and a second force produced 
by the pressure of the propulsion gas in the gas jetting 

10 chamber applied to the downstream outer surface of the 
plug acts in a direction from the side of the gas supply 
chamber toward the side of the gas jetting chamber . Thus , 
the first force and the second force act in opposite 
directions , respectively, and cancel each other. 

15 Consequently, the difference between the first force and 
the second force acts as an effective force on the plug. 
The thrust control valve simple in construction is 
capable of reducing the unnecessary use of the 
propulsion gas to the least possible extent by stopping 

20 jetting the propulsion gas when any thrust does not need 
to be produced, does not generate noise that 
deteriorates the accuracy of flying object guidance, 
reduces load applied by the propulsion gas on the plug, 
and controls thrust in an improved response 

25 characteristic . 

Preferably, the plug has an upstream pressure- 
receiving part on the side of the gas supply chamber and 
a downstream pressure-receiving part on the side of the 
gas jetting chamber, the upstream pressure-receiving 

30 part being configured to be capable of moving in the gas 
supply chamber and the connecting passage and having an 
upstream pressure-receiving surface on which a pressure 
of the propulsion gas acts to produce a force that acts 
in a direction from the side of the gas jetting chamber 

35 toward the side of the gas supply chamber, and the 
downstream pressure-receiving part being configured to 
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be capable of moving in the gas jetting chamber and the 
connecting passage and having a downstream pressure- 
receiving surface on which a pressure of the propulsion 
gas acts to produce a force that acts in a direction 
5 from the side of the gas supply chamber toward the side 
of the gas jetting chamber. 

According to the present invention, since the plug 
has the upstream pressure-receiving part on the side of 
the gas supply chamber . and the downs tream pressure- 

10 receiving part on the side of the gas jetting chamber, 
changes of the acting force according to the moving 
amount and the moving direction of the plug can be 
adjusted by the sizes and shapes of the pressure- 
receiving surfaces of the upstream and downstream 

15 pressure-receiving parts. Thus, thrust control response 
characteristic can easily be optimized so that a desired 
thrust can be produced in various jetting modes 
including a continuous jetting mode and a pulsed jetting 
mode . 

20 Preferably, the downstream pressure-receiving 

surface has an inclined surface which is inclined so as 
to separate from an axis of the plug along an axial 
direction away from the upstream pressure-receiving part. 
Preferably, the downs tream pressure-receiving 

25 surface has a first inclined surface which is inclined 
so as to approach the downstream inner surface along an 
axial direction away from the upstream pressure- 
receiving part and a second inclined surface which is 
inclined so as to separate from the downstream inner 

30 surface along the axial direction away from the upstream 
pressure-receiving part. 

According to the present invention, the thrust 
control response characteristic of the thrust control 
valve can easily and highly accurately be optimized by 

35 individually adjusting the respective axial lengths, 
radial lengths and shapes of the first and the second 
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inclined surface of the downstream pressure-receiving 
surface so that a desired thrust can be produced in 
various jetting modes including a continuous jetting 
mode and a pulsed jetting mode. 
5 Preferably, the upstream pressure-receiving surface 

of the plug is inclined so as to separate from an axis 
of the plug along an axial direction away from the side 
of the gas jetting chamber. 

Preferably, the upstream pressure-receiving part of 
10 the plug and the downstream pressure-receiving part of 
the plug are connected via a straight connecting part. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects, features and 
15 advantages of the present invention will become more 
apparent from the following description taken in 
connection with the accompanying drawings, in which: 

Fig. 1 is a schematic, fragmentary, longitudinal 
sectional view of a thrust control valve in a preferred 
20 embodiment according to the- present invention; 

Fig . 2A is a -schema ti c , f ragmen tary , longi tudinal 
sectional view of the thrust control valve shown in Fig. 
1 in a fully open state; 

Fig. 2B is a schematic, fragmentary, longitudinal 
25 sectional view of the thrust control valve shown in Fig. 
1 in a fully closed state; 

Fig. 3 is a graph, shown in combination with the 
thrust control valve shown in Fig. 1, showing the 
relation between pressures at positions in a gas supply 
30 chamber and a gas jetting chamber and total load on a 
plug included in the thrust control valve shown in Fig. 
1; 

Fig. 4A is a diagram of assistance in comparatively 
explaining a various jetting mode when four differential 
35 thrust control valves similar to a conventional 
differential thrust control valve shown in Fig. 7 are 



incorporated into four thrusters mounted on a flying 
object at angular intervals of 90° about the axis of the 
flying object; 

Fig. 4B is a diagram of assistance in explaining 
5 the propulsion gas flow rate suppressing effect of the 
thrust control valve shown in Fig. 1, showing a various 
jetting mode when four thrust control valves shown in 
Fig. 1 are incorporated into four thrusters mounted on a 
flying object at angular intervals of 90° about the axis 

10 of the flying object; 

Fig. 5A is a diagram of assistance in comparatively 
explaining a various jetting mode when four differential 
thrust control valves similar to a conventional 
differential thrust control valve shown in Fig. 7 are 

15 incorporated into four thrusters mounted on a flying 
object at angular intervals of 90° about the axis of the 
flying object; 

Fig. 5B is a diagram of assistance in explaining 
the maximum propulsion gas flow rate increasing effect 

20 of the thrust control valve shown in Fig. 1, showing a 
various jetting mode when four thrust control valves 
shown in Fig. 1 are incorporated into four thrusters 
mounted on a flying object at angular intervals of 90° 
about the axis of the flying object; 

25 Fig. 6A is a schematic, fragmentary, longitudinal 

sectional view of a conventional pintle thrust control 
valve in a fully open state; 

Fig. 6B is a schematic, fragmentary, longitudinal 
sectional view of the pintle thrust control valve shown 

30 in Fig. 6A in a fully closed state; 

Fig.' 7 is a schematic, fragmentary, longitudinal 
sectional view of a conventional differential thrust 
control valve ; 

Fig. 8A is a schematic, fragmentary, longitudinal 

35 sectional view of a conventional floating-poppet thrust 
control valve in a fully open state; and 
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Fig. 8B is a schematic, fragmentary, longitudinal 
sectional view of the floating-poppet thrust control 
valve shown in Fig. 8B in a fully closed state. 

5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The thrust control valve 41 in a preferred 
embodiment according to the present invention is mounted 
on a flying object to control the thrust (propulsion) of 
a secondary propulsion engine, such as a thruster for 

10 the control of the orbit and attitude of the flying 
object, and the speed of the flying object. 

The thrust control valve 41 includes a nozzle 46 
provided with a gas supply chamber 42 in which a 
propulsion gas is supplied, a gas jetting chamber 43 

15 through which the propulsion gas is jetted, and a 
connecting passage 45 coaxial with the gas supply 
chamber 42 and the gas jetting chamber 43 and having an 
axis 44 in common with the gas supply chamber 42 and the 
gas jetting chamber 43. The thrust control valve 41 also 

20 includes a plug 53 axially movable in the directions of 
the arrows CI and C2 along the axis 44 in the gas supply 
chamber 42, the connecting passage 45 and the gas 
jetting chamber 43. 

The plug 53 moves in the direction of either the 

25 arrow CI or the arrow C2 to change simultaneously the 
respective sectional areas Al and A2 of an upstream 
passage 49 on the side of the gas supply chamber 42 and 
a downstream passage 52 on "the side of the gas jetting 
chamber 41. The upstream sectional area Al is defined by 

30 an upstream inner surface 47 of the nozzle 4 6 defining 
the gas supply chamber 42 and an upstream outer surface 
48 of the plug 53 facing the upstream inner surface 47 
of the nozzle 46. The downstream sectional area A2 is 
defined by a downstream inner surface 50 of the nozzle 

35 46 defining the gas jetting chamber 43 and a downstream 
outer surface 51 of the plug 53 facing the downstream 
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inner surface 50. The thrust produced by jetting 
propulsion gas is controlled by the axial movement of" 
the plug 53 . 

The plug 53 is moved along the axis 44 by an 
5 actuator, not shown. The axial position of the plug 53 
is changed linearly in response to a linear control 
signal. The actuator may includes, for example, a 
servomotor, and a motion converting mechanism capable of 
converting the rotation of the output shaft of the 

10 servomotor into a longitudinal motion and of 
transmitting the longitudinal motion to the plug 53. A 
small, lightweight actuator can be used for operating 
the plug 53 when load on the plug 53 is small. Thus, the 
mass of the flying object can be reduced by using a 

15 thruster provided with this thrust control valve 41, 
which is effective in improving the maneuverability of 
the flying object. 

The plug 53 is formed of a material having high 
heat resistance and high abrasion resistance, and 

20 including one or some of heat-resistant materials having 
tungsten, molybdenum, a carbon composite, a carbon- 
silica composite and graphite. 

The respective sectional areas Al and A2 of the 
upstream passage 4 9 on the side of the gas supply 

25 chamber 42 and the downstream passage 52 on the side of 
the gas jetting chamber 43 are changed by moving the 
plug 53 in either the direction of the arrow CI or the 
direction of the arrow C2 . The propulsion gas flows from 
the gas supply chamber 42 through the upstream passage 

30 49, the connecting passage 45 and the downstream passage 
52 at a flow rate dependent on the sectional areas Al 
and A2 to control the thrust. 

The plug 53 has an upstream pressure-receiving part 
65 movable in the gas supply chamber 42 and the 

35 connecting passage 45 and having a pressure-receiving 
surface 64 on which the pressure of the propulsion gas 
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acts to produce a force Fl that pushes the plug 53 in 
the direction of the arrow C2 . The plug 53 also has a 
downstream pressure-receiving part 63 movable in the gas 
jetting chamber 43 and the connecting passage 45. The 
5 downstream pressure-receiving part 63 has a first 
inclined pressure-receiving surface 61 and a second 
inclined pressure-receiving surface 62 on which the 
pressure of the propulsion gas acts to produce a force 
F2 that pushes the plug 53 in the direction of the arrow 
10 CI. 

The upstream pressure-receiving part 65 and the 
downstream pressure-receiving part 63 are connected via 
a straight connecting part 66 having a cylindrical shape. 
The first inclined pressure-receiving surface 61 
15 expands toward or approaches the inner surface 50 of the 
gas jetting chamber 43 along the direction of the arrow 
CI, and the second inclined pressure-receiving surface 
62 extends so as to separate gradually from the inner 
surface 50 of the gas jetting chamber 43 along the 
20 direction of the arrow CI. 

In a longitudinal section including the axis 44, 
each of the inclined pressure-receiving surfaces 61 and 
62 may be a straight line, a stepped line or a smoothly 
curved line. 

25 Fig. 3 is a graph showing the relationship between 

pressure at positions in the upstream passage and the 
side of gas jetting chamber of the thrust control valve 
and total force acting on the plug 53. The pressure of 
the propulsion gas in the gas supply chamber 42 applied 

30 to the pressure-receiving surface 64 of the upstream 
pressure-receiving part 65 of the plug 53 produces a 
force Fl that tends to move the plug 53 axially in the 
direction of the arrow C2 (Fig. 1) . The pressure of the 
propulsion gas in the gas jetting chamber 43 applied to 

35 the inclined pressure-receiving surfaces 61 and 62 of 
the downstream pressure-receiving part 63 of the plug 53 
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produces a force FO that tends to move the plug axially 
in the direction of the arrow CI (Fig. 1) . 

In Fig. 3, an effective force is the integral of 
the product of pressure and pressure-receiving area as a 
5 function of axial distance. In Fig. 3, a value of the 
force at the right-hand end is an effective force that 
acts on the plug 53 . 

Fig. 4A is a diagram of assistance in comparatively 
explaining a various jetting mode when four differential 

10 thrust control valves 11 similar to the conventional 
differential thrust control valve 11 shown in Fig. 7 are 
incorporated into thrusters mounted on a flying object 
60 at angular intervals of 90° about the axis 61 of the 
flying object 60 , and Fig. 4B is a diagram of assistance 

15 in explaining the propulsion gas flow rate suppressing 
effect of the thrust control valve 41 shown in Fig. 1, 
showing a various jetting mode when four thrust control 
valves 41 shown in Fig. 1 are incorporated into four 
thrusters mounted on a flying object 60 at angular 

20 intervals of 90° about the axis 61 of the flying object 
60. When the thrusters provided with the conventional 
differential thrust control valves 11 are mounted on the 
flying object 60 at angular intervals of 90° as shown in 
Fig. 4A, the load is controlled through the control of 

25 the pair of connected plugs of each differential thrust 
control valve 11. Twenty-five percent of the gas 
generating capacity (100%) of a gas generator that 
generates the propulsion gas needs to be allotted to 
each of the right and the left thrusters provided with 

30 the control valves 11 and not required to produce any 
thrust. Consequently, only 50% of the gas generating 
capacity of the gas generator allotted to the upper 
thruster provided with the thrust control valve 11. When 
the thrust control valves 41 of the present embodiment 

35 are incorporated into the thrusters mounted on the 
flying object 60 as shown in Fig. 4B, the propulsion gas 
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can be jetted only through the thrust control valve 41 
included in the thruster that is required to produce a 
thrust , and the thrust control valves 41 included in the 
thruster s not required to produce any thrust can be kept 
5 fully closed. Thus, the unnecessary use of the 

propulsion gas is reduced to the least possible extent, 
the propulsion gas is jetted only in necessary 
directions and the same thrust as that of the 
conventional thrust control valve can be produced. 

10 Fig. 5A is a diagram of assistance in comparatively 

explaining a various jetting mode when four differential 
thrust control valves 11 similar to the conventional 
differential thrust control valve 11 shown in Fig. 7 are 
incorporated into four thruster s mounted on a flying 

15 object 60 at angular intervals of 90° about the axis of 
the flying object 60. Fig. 5B is a diagram of assistance 
in explaining the maximum propulsion gas flow rate 
increasing effect of the thrust control valve 41 shown 
in Fig. 1, showing a various jetting mode when four 

20 thrust control valves 41 shown in Fig. 1 are 
incorporated into four thrusters mounted on a flying 
object 60 at angular intervals of 90° about the axis of 
the flying object 60. When the thrusters provided with 
the differential thrust control valves 11 are mounted on 

25 the flying object 60 at angular intervals of 90° as shown 
in Fig. 5A, the upper limit of a gas generating capacity 
that is allotted to each of the thrust control valves 11 
is 50% of the gas generating capacity (100%) of a gas 
generator that generates the propulsion gas . When the 

30 thrust control valves 41 of the present embodiment are 
incorporated into the thrusters mounted on the flying 
object 60 as shown in Fig. 5B, 100% of the gas 
generating capacity of the gas generator is allotted to 
each of the thrust control valves 41. Consequently, the 

35 maximum thrust that can be produced by the thrust 
control valve 41 of the present embodiment is twice that 
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can be produced by the conventional differential thrust 
control valve 11. Thus, the ability of the flying object 
to control attitude and orbit can be improved. 

Since the downstream pressure-receiving part 63 of 
5 the plug 53 included in the thrust control valve 41 of 
the present embodiment has the first inclined pressure- 
receiving surface 61 and the second inclined pressure- 
receiving surface 62, the force that acts on the plug 
can easily and highly accurately be adjusted by 

10 individually adjusting the respective axial lengths, 
radial lengths and shapes of the inclined pressure- 
receiving surfaces 61 and 62. Consequently, the thrust 
control response characteristic of the thrust control 
valve 41 can easily and highly accurately be optimized 

15 according to a desired thrust. 

Although the invention has been described in its 
preferred embodiment with a certain degree of 
particularity, obviously many changes and variations are 
possible therein. It is therefore to be understood that 

20 the present invention may be practiced otherwise than as 
specifically described herein without departing from the 
scope and spirit thereof. 



